gripping objects with different griping force setting. In addition to the mechanical design and sensor deployments, the motion trajectories for different griping behaviors (Parka et al., 2006) are also constructed. These motion trajectories are desired to synchronously control the finger joints for achieving various griping behaviors. Consequently, the tactile force sensing (Kawasaki et al., 2007; Kawasaki et al., 2002) may combine with the motion trajectories to perform force feedback based griping control systems. Finally, the proposed dexterous robot hand prototype is developed to demonstrate its motion behaviors.
System architecture
In this section, the system architecture is described. The proposed system architecture is composed of the mechanical design, behaviour based gripping motion planning with tactile force sensing, and system integrations, as shown in Fig. 1 . The mechanical design specifications include the size and skeleton of robot hand, degree-of-freedom, range of motions of each finger, and orientation of each finger. These specifications are defined according to the hand profile and various gripping postures of a twenties male student in our laboratory. Therefore, the proposed dexterous robot hand may demonstrate similar motions with the human beings. In addition, a tendon wired control configuration is proposed in this study to reduce the weight and heat of the hand. Especially, the ABS engineering plastic material is used to further reduce the weight of the robot hand. The gripping motion planning module acts the supervisory controller of the proposed dexterous robot hand. It is responsible of modelling gripping motions in terms of setting the initial and final postures of fingers, acquiring the tactile sensor data from the tips of all fingers, and planning the gripping trajectory based on the gripping models, maximum allowable tactile forces and maximum allowable joint angles. Note that the gripping motion planning module may just model simple griping motions in the current stage. Finally, the system integration and test module is desired to cooperate with the motor controller to manipulate the robot hand. At the same time, the operation parameters such as the maximum tactile force and grip model selection can be also desired.
Mechanical design
In this study, a dexterous robot hand is proposed based on the design concepts of light weight, compact size, similar to human's hand gripping motions, gripping force restriction, and low cost. In order to meet these design concepts, the following design issues and directions are discussed before this research project. 1. Light weight: Most of dexterous robot hands are designed based on directed gear train controls and tendon wired controls. Because of the distance motor and gear train configurations of the tendon wired control robot hand, the weight of the robot hand can be reduced. At the same time, an ABS engineering plastic material is also used to fabricate the hand to further reduce the weight of the robot hand. In this manner, the light robot hand may reduce the loads of the robot arms for service robots as well as the loads of the upper extremity for hand amputees. 2. Compact size: One of the study purposes of this dexterous robot hand is to produce a prosthesis hand for hand amputees preliminarily. Therefore, in addition to the robot hand weight reductions, the hand size and profile must be similar to the human beings. In this study, the proposed dexterous robot hand is designed referring to a twenties male student in our laboratory. Consequently, a five-finger robot hand with 16 degreeof-freedom is presented. 3. Emulating human's hand gripping motions: In addition to similar hand structures, the range of motions of human's hand is also evaluated. The range of angles of the joint is defined via physically measuring the angle of finger joints. In addition, several gripping motions such as gripping apples, eggs and pens are simulated using the computer aided design (CAD) software. 4. Gripping force restriction: Gripping force restriction is important to the robot hand. The maximum force restriction may provide a sufficient gripping force when the finger tip touches the objects, but the force will not damage the gripped objects. At the same time, the maximum allowable tactile force may also protect the wire and motors of the robot hand. 5. Low cost: In general, the cost of a dexterous robot hand is quite expensive because of using high performance DC/ AC servo motors. In recent years, the advance RC (radio servo) techniques provide a simple and low cost position servo control solution. Therefore, the RC servo motors are used in this work to reduce the cost of motors. 6. Other concerns: In addition to the previous considerations, the tendon wired control robot hand may also eliminate the heats resulted from the motors and gear trains when compared to the directed gear train control robot hands. At the same time, the distance actuated robot hand can be applied in more strict environments such as water. Finally, to reduce the control complexity, the joint motions of distal interphalangeal joints of the index finger, middle finger, ring finder and little finger are designed to be dependent on the joint motions of the proximal interphalangeal joints of the corresponding fingers. As a consequence, the motor number is reduced as 12 in this study. Mechanical design of the proposed dexterous robot hand uses the Pro/E CAD software tool. As described before, the robot hand profile and structure is referred to the hand of a twenties male student in our laboratory. Fig. 2 shows the hand photo of the volunteer. Design parameters of this robot hand follow the hand structure of this hand profile. In order to increase the producing efficiency of mechanical parts, geometries of these mechanical parts are modified and designed as several uniform specifications, as shown in the rightwww.intechopen.com
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hand-side of Fig. 2 . Note that the little finger just designed as a two-phalanx structure because of infrequent uses of this finger as well as reduction in the length of this finger when these uniform mechanical parts are used. In order to reduce the weights of mechanical parts, the ABS engineering plastic material is used, and all mechanical parts are shown in Fig. 6 . Because of referring the hand profile of a twenties volunteer, the size of the fingers are evaluated as shown in Fig. 7 . In this figure, the index finger of the volunteer are compared with the robot hand. Apparently, they are in a similar finger profile. Finally, because of using the ABS engineering plastic material, the weight of the hand can be reduced. The weight for each finger is summarized in Table 1 . To investigate the mechanism performance, several hand postures of human beings are simulated using the 3D CAD tool, as shown in Fig. 8 . As a consequence, these hand postures can be properly desired using the proposed mechanical structure of this robot hand. Finally, the tendon wired control configuration is introduced. In this study, a multi-cord steel wire with 0.8 mm diameter is used. In addition, the tendon wire is surrounded with a spring cord as shown in Fig. 9 . I addition, the assembled tendon wired control robot hand is also presented in Fig. 10 . The photo of the wire actuated robot hand is shown in the lefthand-side of Fig. 10 ; and the photo of the distance motor site is shown in the right-hand-side of Fig. 10 . All RC servos are mounted at the motor platform, and it can be installed off the hand and arm so that the load of the arm can be reduced. For example, the motor platform can be installed inside the body of a wheeled robot or a humanoid robot to increase the carry loads of the arm and hand. Note that the motor platform is just installed under the robot hand for demonstrations in this chapter. 
Behavior based gripping motion planning with tactile force sensing
In this study, the developments of a dexterous robot hand do not focus on the mechanical structure design, but also on the gripping behavior modelling. In order to simplify the gripping model as well as to perform more realistic approach, only simple and frequent gripping behaviors are discussed such as gripping an apple, cylinder, egg, etc. It is noted that the precise position controls of all finger tips using inverse kinematics are not the focus of this study due to the difficulties of getting a precise spatial position and orientation of the gripped object in this study. Instead, this study investigates the joint motions from an initial posture to a final posture of a hand for each interested gripping motion. Fig. 11 shows the initial and final postures of a robot hand for gripping an egg and an apple, respectively. All joint angles of the initial hand and final postures are recorded. The gripping motion can be synchronously desired according to the interpolations of the joint angles of the initial and final postures. Therefore, the gripping model is formed based on the initial and final joint angles as the synchronous interpolations of these joint angles. Fig. 11 ). However, the final postures are quite different for various gripping models. Equation (1) shows the gripping model for a specific gripping motion.
where T is time required for the gripping motion; T is angular position command time interval for joint motors; n is theoretical count of position commands for a specific gripping motion; k,i is the initial joint angle for joint motor k (k = 1 to 12); k,f is the finial joint angle for joint motor k; k is the angle increasements of joint motor k; t is the index (from zero) of position commands. Especially, the gripping model just defines the synchronous joint angle increasements for all joint motors in each operation command with a pre-defined time interval. The actual final (stop) joint angles will not be identical to the pre-defined final posture because it is difficult to get the actual positions and orientations of the gripped object online. That means the real final postures will not refer to the pre-defined final postures; instead, they depend on the maximum allowable tactile sensor force as well as the maximum allowable joint angles to meet practical gripping situations. Hence, the actual operation commands for a whole gripping motion may smaller or greater than the theoretical count of operation commands, as shown in Fig. 12 . Consequently, based on the tactile sensor data feedback and maximum allowable joint angle mechanisms, the final (stop) joint angles are determined finger-byfinger. Note that the tactile sensor used in this study is a conventional force sensing resistor (FSR). On the other hand, the maximum allowable joint angle is desired for the finger being not damage the gripped object during gripping. At the same time, the maximum allowable joint angle may also prevent the collisions and intersections of the hand mechanism for tactile sensor failures and gripping position uncertainties.
Gripping Motion Models  -------------------------------- The algorithm of the proposed behavior-based gripping motion control system is described in Fig. 13 . At the beginning of gripping operations, a gripping model is selected. The angle increasements of al joint angles are calculated according to the angular position (operation) command time interval and the time required for such a gripping motion. The operation command index (t) is set as zero at the startup. The joint angled are further updated to get closing to the object. The maximum allowable tactile forces and joint angles are examined finger-by-finger. The active finger is defined as a finger with neither the tactile force being below the maximum allowable force nor the joint angles belong to this finger being within the www.intechopen.com
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maximum allowable joint angles. The system is running for all active fingers in terms of updating operation command index (t) as well as calculating new joint angle commands for active fingers. Finally, the gripping motion is completed when no active fingers existed in this system.
System integrations and experiments
The system integration and test module is desired to cooperate with the motor controller to manipulate the robot hand via implementing the behavior based gripping motion control algorithm. The control system of the proposed dexterous robot hand is constructed using the PSoC (Programmable System on a Chip) processor. The PSoC is a mixed-signal array microcontroller, and it is a product of Cypress Semiconductor. The core of PSoC is built based on a very-small Harvard architecture machine, named M8C. In addition to the core of firmware, the most important feature is that PSoC provides reconfigurable integrated analog and digital peripherals. Therefore, the PSoC is very suitable to integrate the sensing and actuation devices of the dexterous robot hand. In addition, the analog multiplexer is also desired to extend the analog-to-digital channels of the FSR sensing. At the same time, the gripping models are stored in an EEPROM and the data is accessed via the I 2 C communications. In order to justify the tactile force variations among these five FSR sensors, the calibrations of FSR sensor are also desired in this study. At the same time, the operation parameters such as the grip model selection, maximum allowable tactile force for each finger, maximum allowable joint angles, theoretical operation time required for each gripping motion, and operation command time interval are downloaded from a host computer via RS 232 communications. Fig. 14 shows the control circuit boards and the photo of gripping an egg. Ideally, only the fingers of thumb and index and middle fingers are used for gripping. Therefore, the terminations of the thumb, index and middle fingers should be done via checking the maximum allowable tactile forces. However, due to inconsistent spatial position and posture of the egg, only the thumb and index can touch the tactile sensors in this experiment, and middle finger are terminated via the maximum allowable joint angle for this egg gripping model. Additionally, the terminations of the ring and little finger are also done in terms of the exceedances of their maximum allowable joint angles. It is important that the maximum allowable gripping joint angles of different gripping models must be determined carefully according to practical considerations. In addition to gripping an object, the proposed dexterous robot hand may perform several hand postures. These hand postures are done via only using the maximum allowable joint angles. Fig. 15 shows several typical hand postures for presenting one-digit numbers, clenched hand, OK symbol, and YA symbol.
Conclusions
In this chapter, a dexterous robot hand is proposed based on the design concepts of light weight, compact size, similar to human's hand gripping motions, gripping force restriction, and low cost. The robot hand prototype is produced in this study. Especially, complicated kinematics models and position control of joint angles are not constructed due to unpredictable object orientations and positions in this study. Instead, the gripping motion behavior models for different gripping motions cooperating with maximum allowable tactile forces and joint angles are constructed to simplify the control architecture as well as to improve the practical gripping compatibility. This chapter just represent a pilot study of a low cost dexterous robot hand; however, most of design and control parameters are not well justified to perform perfect performance. On the other hand, the selection of tendon wire as well as the mechanical properties and dynamics of the tendon wire are still the major interests of the future works.
